An extensive analysis of the perturbations induced on node and perigee of LAGEOS and LAGEOS II by solid and ocean Earth tides is carried out in order to assess their influence in the detection of the secular general relativistic Lense-Thirring effect by means of these two satellites. The investigation involves only the terms of degree l = 2 for the solid tides and also the terms of degree l = 3 and l = 4 for the ocean tides. The perigee of LAGEOS II results to be very sensitive to these terms, contrary to the nodes of LAGEOS and LAGEOS II. The uncertainty on the solid tidal perturbations, mainly due to the Love number k2, amounts almost to 0.3 %, while the errors associated to the ocean tides are of the order of 10 − 15 %. The results obtained are employed in reducing the experimental uncertainty on the Lense-Thirring precession due to the zonal tides by means of a suitable combination of orbital residuals. The 18.6-year tide affects the value of the Lense-Thirring effect derivable from such an observable at a level of 21.9 % of its general relativistic value.
Introduction
If the Earth was perfectly spherical, according to Newton its gravitational potential would be given by GM/r, where G is the Newtonian gravitational constant and M is the mass of the Earth, and the path of any artificial satellite in orbit around it would be a Keplerian ellipse with the Earth in one of its foci. This ellipse would remain fixed in space and neither its shape nor its size would change; it could be parametrized by means of the so called Keplerian orbital elements [Sterne, 1960; Allison and Ashby, 1993] . They are:
a, e the semimajor axis and the ellipticity which define the shape and the size of the orbit in its plane.
Ω, i the longitude of the ascending node and the inclination angle which fix the orientation of the orbit in the space, i.e. of a geocentric frame K ′ {x ′ , y ′ , z ′ } with the {x ′ , y ′ } plane solidal to the orbital one, with respect to a geocentric equatorial frame K{x, y, z} fixed with respect to the distant quasars and whose z axis is directed along the Earth's spin. The z ′ axis is directed along the orbital angular momentum of the satellite, while the x ′ axis points toward the perigee. The longitude of the ascending node Ω is the angle in the equatorial plane of K{x, y, z} between the x axis, directed toward the vernal point Υ, and the line of nodes in which the orbital plane {x ′ , y ′ } intersects the equatorial plane. The inclination i is the angle between z and z ′ axis.
ω, M the argument of pericenter and the mean anomaly. The argument of pericenter ω is the angle in the orbital plane between the line of nodes and the x ′ axis; it defines the orientation of the orbit in its plane.
The mean anomaly M specifies the motion of the test particle on its orbit. It is related to the mean motion n = (GM ) 1/2 a −3/2 through M = n(t − t p ) in which t p is the time of pericenter passage.
In reality, the behaviour of an object orbiting the Earth is much more complicated because our planet is not perfectly spherical due to several factors. First of all, the centrifugal force caused by its diurnal rotation makes the Earth oblate; its gravitational field, called geopotential, is no longer central but must be developed in a multipolar harmonic expansion [Kaula, 1966] :
where R is the Earth's mean equatorial radius, P lm is the associated Legendre function of degree l and order m, and φ and λ are terrestrial latitude and east Greenwich longitude. C lm and S lm are the adimensional Stokes or geopotential coefficients; they are all of order O(10 −6 ) with the exception of C 20 which is O(10 −3 ).
Secondly, the shape of the Earth changes also in time due to the action of the solid, ocean and atmospheric tides which periodically lift the surface, tilt the vertical and redistribute the masses on our planet. This effect can be accounted for in a similar fashion to the static, centrifugal part of the geopotential given by eq. (1) introducing in it time varying-coefficients [Eanes et al., 1983] . The resulting effect of the static and dynamical non-sphericity of the Earth is that the path of any artificial satellite is more or less modified with respect to the unperturbed Keplerian ellipse. It is possible to account for these changes assuming that the perturbed orbit can be still parametrized in terms of Keplerian elements which slowly vary in time. This is so because the leading or point-mass term U 0 = GM/r is predominant over the perturbing terms [Casotto, 1989] . Differently stated, at each istant of time the effective trajectory of the satellite can be approximated by a different Keplerian ellipse, called osculating ellipse, determined by the six components of the radius vector and the velocity vector of the satellite at that very istant, thought as initial conditions for an unperturbed Keplerian motion. This is possible because the departures of the perturbed orbit from the Keplerian ellipse result to be small. Obviously, there is also a wide class of non gravitational effects which contribute to modify the satellites' orbits.
It should be pointed out that the experimental accuracy of techniques such as the Satellite Laser Ranging (SLR) has astonishingly grown up in the last decade: for example, today it is possible to measure the amplitude of a periodical perturbation on the node Ω of LAGEOS with an accuracy of some milliarcseconds (mas in the following). The accuracy for the same kind of measurement on the perigee ω is slightly worse (F. Vespe, private communication, 1999) . This forces the researcher who wants to investigate some particular physical effect by means of near-Earth's satellites to be very careful in accounting for every tiny perturbation, of gravitational and non gravitational origin, which would be inevitably present in the record aliasing the recovered values of the quantities with which the examinated phenomenon is parametrized. This is the case for the Lense-Thirring or gravitomagnetic effect [Lense and Thirring, 1918; Ciufolini and Wheeler, 1995] . It is a feature of the gravitational field generated by every rotating mass predicted by the general relativity which consists in a tiny, secular precession which affects the node Ω and the perigee ω of not too far freely falling test bodies. For LAGEOS and LAGEOS II SLR satellites the gravitomagneic precessional rates in the field of the Earth amount to:Ω
LAGEOS LT
≃ 31 mas/year,
Ω LAGEOSII LT ≃ 31.5 mas/year, 
In consideration of the various gravitational and non gravitational perturbations which affect the orbital motion of the satellites of LAGEOS type, the gravitomagnetic precessions could be detected only if the total error due to these effects will result smaller than the expected values forΩ LT andω LT . The major source of uncertainty results to be the secular precessions caused the oblateness of the Earth accounted for by the even zonal harmonics of the static part of the geopotential. If only one satellite had been employed, it would be impossible to detect the Lense-Thirring effect because the error associated to C 20 in eq. (1) is itself greater than the predicted values of the gravitomagnetic precessions. Ciufolini [1996] has proposed a strategy which could allow to detect the Lense-Thirring effect at a precision level of 25 % using as observable a suitable combination of orbital residuals of LAGEOS and LAGEOS II which would allow to cancel out all the static and dynamical contributions of the even zonal terms of the geopotential.
Among the gravitational perturbations which may bias the recovery of the Lense-Thirring effect the Earth tides play a relevant role. The sinusoids with which the tidal perturbations may be expressed are to be thought as added to the secular Lense-Thirring trend together with all the other secular and periodical, gravitational and non gravitational perturbations. If their periods are much longer than the data acquisition interval, they may appear as almost secular effects which could alter the recovery of the gravitomagnetic precession because of the associated errors: very insidious, from this point of view, are the 18.6-year and 9.3-year tides. On the other hand, if the periods of the perturbations are shorter than the duration of the experiment their effect can be accounted for by means of suitable fits [Ciufolini et al., 1997 [Ciufolini et al., , 1998 ]. In this context it becomes apparent the importance of assessing the more accurately as possible the amplitudes and the errors of the tidal perturbations induced on the node and perigee of LAGEOS and LAGEOS II. This is what has been done in this work in the more extensive and refined manner as it has been possible. The results obtained in the present analysis have also a more general validity in the sense that they may be used in improving the various existing models for satellite orbit determination and could be used also in testing the validity of the theoretical models on which they are based.
In Sec. 2 the tide generating potential is reviewed, while in Sec. 3 the perturbative amplitudes on Ω and ω of LAGEOS and LAGEOS II due to the solid tides are worked out. The calculation account for the frequency-dependence of Love numbers k
lm (f ) and the anelasticity of the Earth's mantle. For some selected tidal lines -the most powerful in perturbing the satellites' orbits-also the effect of Earth's rotation and ellipticity, accounted for by the coefficients k + lm (f ), are investigated. For the coefficients of the tide generating potential the values of RATGP95 [Roosbeek, 1996] have been used. In Sec. 4 and Sec. 5 the gravitational potential of the ocean tides and its effect on the elements Ω and ω are reviewed. In Sec. 6 the values obtained for the perturbative amplitudes induced on these orbital elements by the ocean tides are quoted. The values released by EGM96 [Pavlis et al., 1996] for the coefficients of the ocean partial tides have been employed. In Sec. 7 the obtained results are employed to check exstensively the feasibility of the cancellation of the even degree zonal tidal contribution by means of the formula proposed by Ciufolini in [Ciufolini, 1996] . Sec. 8 is devoted to the conclusions.
The data employed in the present analysis are in the following table in which P is the orbital period and
is the period of the Keplerian element X:
e LAGEOS = 0.0045
e LAGEOSII = 0.014 (8)
i LAGEOSII = 52.65, deg (10)
2 The tide generating potential
On the scale of the Earth's dimensions the gravitational field of any not too far astronomical body B cannot be considered uniform so that the various points of our planet are subjected to a differential gravitational pull in the external field of B. This is the origin of the Earth's solid, ocean and atmospheric tides, mainly due to the Moon and the Sun. It is customary to derive the tidal forces acting on a point on the Earth' s surface from the so called tide generating potential which, in its most general form, for a perturbing body B can be written as [Lambeck, 1977; Melchior, 1983; Dronkers, 1964] :
In eq.(18)the following quantities appear:
M B mass of the perturbing body, kg.
d B istantaneous distance between the Earth and the perturbing body B, km.
r distance between the center of mass of the Earth and a point on its surface, km.
P l (x) Legendre polynomials of degree l:
z geocentric zenithal distance of the perturbing body.
c B mean distance between the Earth and the perturbing body, km.
The factor 3 4
is often rewritten as:
with
in which:
is the Doodson constant for the Moon, having the dimension of an energy per unit mass, and M M is the Moon's mass. Thus the tide generating potential outside of the Earth V l B is a harmonic function of degree l and can be written in the form
is a surface harmonic. At the Earth's surface it becomes
It is useful to express the eq.(18) in terms of the geocentric equatorial coordinates {φ, δ B , H B } of an Earth-fixed frame where:
δ B declination of the perturbing body.
H B hour angle of the perturbing body.
This can be done using in eq.(18) the following spherical trigonometric formula:
The result is the Laplace's tidal development: it consists in a sum of terms each of which is the product of a factor depending only on the latitude of a given place on the Earth (the geodetic coefficient) and a time-dependent factor which depends on the astronomical coordinates δ B and H B of the perturbing body. For example, the term of degree l = 2 becomes:
In these terms the quantities c B /d B , δ B , H B exhibit a very complex behaviour in time due to the astronomical motions of the perturbing body B. They must be carefully expanded in periodic components in order to obtain an expression for the tidal potential as a sum of harmonic terms. This can be done using the ephemerides tables for the perturbing bodies. Obviously, the most relevant are the Moon and the Sun. Since the ephemerides refer to the ecliptic and not to the celestial equator, it is necessary to express δ B and H B in terms of ecliptical coordinates. Spherical trigonometry gives:
cos δ B cos H B = cos β B cos λ B cos θ+
where:
ε obliquity of the ecliptic with respect to the celestial equator. Dronkers, 1964] . They are:
s mean ecliptical longitude of the Moon with period P s = 27.32 days.
h mean ecliptical longitude of the Sun with period P h = 365.2422 days.
p mean ecliptical longitude of the Moon's perigee with period P p = 3232 days (8.84 years). to obtain the harmonic expansion of the tide generating potential V B [Doodson, 1921; Cartwright and Tayler, 1971; Cartwright and Edden, 1973; Buellsfeld, 1985; Tamura, 1987; Xi, 1987 ; Hartmann and Wentzel, 1995; Roosbeek, 1996] . It consists of a sum of terms -the costituents-with sinusoidal time dependence where the sines and cosines have arguments involving linear combinations σt of the previously defined orbital longitudes of the Sun and the Moon:
The circular frequency of the tidal bulge generated by the corresponding costituent, viewed in the terrestrial frame, is so given by:
considering that τ = θ − s, eq.(29) becomes:
The coefficients j k , k = 1, ..., 6 are small integers which can assume negative, positive or null values. The advantage of using such lunisolar ecliptical variables relies in the fact that they, over an interval of a century or so, are practically linear increasing with time. This feature will reveal itself very useful in integrating the equations for the orbital perturbations. Each tidal costituent is identified by the set of the six integers j k , k = 1, ..., 6 arranged in the so called Doodson number:
In it the integer j 1 classifies the tides in long period or zonal (j 1 = 0), diurnal or tesseral (j 1 = 1) and semidiurnal or sectorial (j 1 = 2).
The tide generating potential is the cornerstone for every calculation of tidal perturbations on the satellites' Keplerian orbital elements. Indeed, if the Earth, globally modeled as a nonrigid body, is acted upon by a tidal potential V l harmonic in degree, it deforms itself giving rise, among other things, to a periodic redistribution of the masses within its altered volume. This deformation acts upon a point in the external space surrounding the Earth by means of an additional potential [Love, 1926] :
where k l is one of the so called Love numbers (they will be defined precisely in Sec. 3). A close orbiting satellite is perturbed by such an additional potential and senses the global effect of the solid, fluid and atmospheric mass redistribution on the Earth. This means that if one wish to employ a pool of satellites in order to recover the tidal parameters, like the Love numbers, entering in the tidal perturbations and wants to use the so obtained values to predict the perturbations on some particular satellite, he or she must be very careful. Indeed, such values are aliased by the whole of the effects sensed by the measuring satellites; it is as if they would be "tailored" for the satellites used in their recovery. So, these "effective" tidal parameters neither can be directly compared to those measured on the Earth's surface or predicted by any theoretical model and related to the physical properties of the Earth, nor can be used in calculating a priori the tidal perturbations on the satellites of interest for some particular application, as is the case for the detection of the Lense-Thirring effect. Differently stated, when the tidal perturbations are to be predicted for a given satellite, it is uncorrect to use for it the "effective" values of the geophysical parameters recovered by other satellites. It is so customary to split the analytical expressions of the tidal perturbations into a part due to the solid Earth tides and another one which accounts for the effects of the oceans [Lambeck et al., 1974] . After this step, their effects on the satellite of interest must be analitically predicted using for the various parameters the values theoretically calculated or measured in such a way that they reflect the effective Earth's properties.
Effect of the solid Earth tides on the nodal and apsidal lines of LAGEOS and LAGEOS II satellites
Concerning the solid Earth tides, as in [Dow, 1988] and [Bertotti and Carpino, 1989] , the starting point is the frequency-dependent model of Wahr [1981b] . It is based on the assumption of a perfectly elastic, hydrostatically prestressed, ellissoidal rotating Earth acted upon by the lunisolar tidal potential. The interior of our planet is thought to be made of a solid inner core, a fluid outer core, and a solid mantle capped by a thin continental crust, without oceans and atmosphere. Substantially, the Earth is thought as a set of coupled harmonic oscillators showing a variety of resonant frequencies -the normal modes-which can be excited by the external forcing costituents of the tide generating potential.
The expansion adopted for it is that of Cartwrigt and Tayler [1971] in terms of harmonic costituents of degree l, order m and circular frequency σ:
Only the real part of eq.(33) has to be retained. The quantities entering in eq.(33) are:
g value which the gravity acceleration would have at the surface of the Earth thought as perfectly spherical,
spherical harmonics: Chapront-Touzé, 1988] and the VSOP87 series for those of the Sun [Bretagnon and Francou, 1988] . Their accuracy is of the order of 10 −7 m. In order to use them in place of the coefficients of Cartwright and Edden [1973] , which have a different normalization, a multiplication for a suitable conversion factor [McCarthy, 1996] has been performed. Due to the extreme smallness of the H m l (f ) for l ≥ 3, in the following summations only the term of degree l = 2 are to be considered.
c lm additive constant equal to −π/2 in order to generate sines for the l − m odd constituents while it is equal to 0 in order to give cosines for the l − m even constituents.
The Earth free space potential under the action of the tidal costituent of degree l , order m and circular frequency σ, dropping the time dependence due to e iσt , can be written as:
r distance from the Earth' s center of mass and a point in the space outside of the Earth, m.
adimensional coefficients called Love numbers; they refer to a spherical, nonrotating, elastic solid Earth.
They are rather independent of any information on the Earth's interior except that the density and the elstic parameters vary only radially within the Earth. The Love numbers are defined as the ratio between the Earth's response potential at a point on the equator and the forcing lunisolar tidal potential evaluated at the mean equatorial radius. The k + lm (f ) account for the rotation and ellipticity of our planet. In general, the k
lm and k + lm depend on the frequencies of the tidal spectrum. The dependence to the tidal frequencies is particularly strong in the diurnal band due to the Nearly Diurnal Wobble and various other normal mode resonances [Wahr, 1981a] .
The Love numbers, and more generally the Earth's tidal deformation, are computed by convolving the tide generating potential with tidal transfer functions for a non rigid Earth [Dahlen, 1972; Smith , 1974] . Relevant for them are the spherically averaged values of the density and the shear and bulk moduli. Wahr [1981b] used for them the model 1066A [Gilbert and Dziewonski, 1975] , while in [Mathews et al., 1995] the PREM elastic model [Dziewonski and Anderson, 1981] has been adopted. Recently, some errors have been found [Wang, 1994; Dehant et al., 1999] 
Here and in the following, the upper expressions refer to l − m even while the lower ones refer to l − m odd.
The eq. (36) can be put into the form:
in which, assuming temporarily for the sake of simplicity that the Love numbers are not frequency-dependent, the coefficients C lm and S lm are:
with:
The C lm and S lm have the dimensions of lenghts. The eq. (37) is formally equal to the expression of the static geopotential eq.(1) worked out by Kaula. By means of the trasformation:
it can be cast into the familiar form:
where F lmp (i)m and G lpq (e) are the inclination and eccentricity functions respectively [Kaula, 1966] . The S lmpq is given by:
The eq.(44) in this case becomes:
It is worthwhile noting that the eq.(41) expresses a transformation of coordinates from the geocentric equatorial frame rotating with the Earth to the geocentric inertial frame K{x, y, z}. This fact will reveal itself of paramount importance in evaluating the frequencies of the tidal perturbations on the Keplerian elements.
Up to now the response of the Earth to the forcing tidal potential has been considered as perfectly elastic;
if it had been so, there would be no delay between the Earth's tidal bulge and the Moon in the sense that when the latter passes at the observer's meridian, say, at A the tidal bulge reaches A at exactly the same time. The reality is quite different since complicated mechanisms of energy dissipation in the interior of the Earth [Lambeck, 1975; Varga, 1998 ] makes its response to depart from the perfectly elastic behaviour previously sketched. A phase lag with respect to the external lunisolar potential must be introduced in the sense that the tidal bulge reaches the observer's meridian at A after a certain time ∆t with respect to the passage at A of Moon. It is generally assumed that it is the Earth's mantle to exhibit an anelastic behaviour at the various frequencies of the tide generating potential; this topic is not yet well understood, but if one wants to account for the phase lag introduced by it, he or she has to adopt complex frequency-dependent Love numbers [Mathews et al., 1995] . In order to give a quantitative estimation also of the lag angle it has been decided to adopt the values of Mathews et al. [1995] quoted in [McCarthy, 1996] ; indeed, Dehant et al. [1999] do not quote the imaginary part of k An equivalent form of eq. (38) and eq. (39), for a single costituent of frequency σ, which reveals useful in handling with complex quantities is:
with η = −i if l − m is odd and η = 1 if l − m is even. If the anelasticity of the Earth's mantle is to be accounted for writing k
, the eq.(46) becomes:
or:
If eq. (48) and eq. (49) are put into the eq. (44), it is straightforward to obtain for it:
The factor δ lmf is the phase lag of the response of the solid Earth with respect to the tidal costituent of degree l, order m and circular frequency σ induced by the anelasticity in the mantle: note that if k
also tan δ lmf = 0. An ispection of the values quoted in [McCarthy, 1996] shows that, at the low frequencies of the zonal costituents of the tide generating potential, the role played by the mantle's anelasticity is more relevant than in the diurnal and semidiurnal bands. Indeed, while for the tesseral and sectorial tides one finds The eq. (43), with the S lmpq given by the eq. (50), is the dynamical, non central part of the geopotential due to the response of the solid Earth to the forcing lunisolar tidal sollecitation. In the linear Lagrange equations of perturbation theory for the rates of change of the Keplerian elements it can play the role of the perturbative term R. The Lagrange' s equations [Kaula, 1966] are:
It is an observed fact that the secular motions are the dominant perturbation in the elements ω, Ω, M of geodetically useful satellites. So, taking as constants a, e, i and consider as linearly variable in time ω, Ω, M and θ, apart from σt, the following expressions, at first order, may be worked out:
The indirect effects due to the oblateness of the Earth have been neglected. Due to the secular trend of the Lense-Thirring effect, only the perturbations whose periods are much longer than those of the orbital satellites motions, which, typically, amount to a few hours, are to be considered. This implies that in such terms the rate of the mean anomaly does not appear and the condition:
must hold. Moreover, if the effect of Earth's diurnal rotation, which could introduce periodicities of the order of 24 hours, is to be neglected, one must retain only those terms in which the non negative multiplicative coefficient j 1 of the Greenwich sideral time in σt coincides to the order m of the tidal constituent considered: in this way in f p the contributions ofθ are equal and opposite, and cancel out. With these bounds on l, m, p and q the circular frequencies of the perturbations of interest become:
In the performed calculation only the degree l = 2 costituents have been considered due to the smallness of the
3m and H m 3 (f ). For l = 2, p runs from 0 to 2, and so, in virtue of the condition l − 2p + q = 0, q assumes the values −2, 0, 2. From an ispection of the table of the eccentricity functions G lpq (e) in [Kaula, 1966] it results that G 20−2 = G 222 = 0, while G 210 = (1 − e 2 ) −3/2 . For this combination of l, p and q the condition l − 2p = 0 holds: the frequencies of the perturbations are, in this case, given by:
Passing from σ toΓ f + mΩ, as previously noted, is equivalent to leaving the Earth-fixed frame of reference for the inertial one, in which the relevant physical feature is the orientation of the tidal bulges with respect to the orbital plane of satellite. Indeed,Γ f + mΩ could be considered as the relative frequency of motions of the tidal bulge and the orbital plane, both viewed in the inertial frame.Γ f is the opposite of the inertial rate of the tidal bulge obtained from the Earth-fixed one subtracting the Earth's rotation rateθ times m in order to account for the simmetry of the bulges. The periodicities introduced in the perturbations by eq. (66) are, in general, much longer that the ones present in the tidal potential because, while the latter are dominated by j 1θ due to the rotation of the Earth-fixed frame, the former are mainly determined by the precessional rates mΩ of the orbital frames of the different satellites in the inertial frame. This explain the major variety of periodicities in the orbital elements' perturbations of the near-Earth's satellites with respect to the tides sensed by an observer on the Earth surface which are mainly concentrated in the diurnal and semidiurnal bands. In eq.(59) and eq.(60) it is worthwhile noting that the amplitudes of the perturbations are inversely proportional to the frequency of the perturbation f p . This implies that some tidal costituent which in the Earth-fixed frame has an high frequency, in the inertial frame may induce relevant perturbations because its frequency greatly reduces itself; this fact could compensate an eventual small value of its coefficient in the harmonic expansion of the tide generating potential (calculated in the terrestrial frame). In other words, costituents which on the Earth's surfaces would produce small tides may become important in perturbing the orbits of near-Earth' s satellites due to the changes in their frequencies when viewed in the inertial frame.
In Tab.1, Tab.2, and Tab.3 the results for the nodal lines of LAGEOS and LAGEOS II, and the apsidal line of LAGEOS II are shown; since the observable quantity for ω is eaω [Ciufolini, 1996] , the calculation for the perigee of LAGEOS, due to the notable smallness of the eccentricity of its orbit, have not been performed. The tidal lines for which the analysis was performed have been chosen also in order to make a comparison with the perturbative amplitudes of the ocean tides based on the results of EGM96 gravity model which will be shown in the next sections. It is interesting to note that the periods of many of these tidal perturbations are almost equal to or longer than an year, a time interval in which their effect may alias the Lense-Thirring effect, if the observations are taken on a such temporal scale; indeed, only if the data were acquired on time intervals of the order of many years it should be possible to clearly resolve the action of these tidal lines with respect to the secular Lense-Thirring trend. And also in this case, it should remain the aliasing effect of the 18.6-year and 9.3-year tides. Up to now, in [Ciufolini et al., 1997 [Ciufolini et al., , 1998 ] the authors have analysed the data acquired on a three years interval for a suitable combination of residuals showing that many tidal signals with periods shorter than it can be resolved by means of suitable fits. Concerning the periods quoted in the second column of Tab.1, Tab.2, and Tab.3 a clarification is required. For the tidal costituents for which j 2 differs from j 1 = m, such as
and N 2 , the perturbative frequencies f p would be greately increased by the presence of (j 2 −m)ṡ; the related periods would amount to almost one month or less and, consequently, the amplitudes of perturbations would be very small. More precisely, they would resemble to long periodic, wide sinusoids with a smaller, high frequency superimposed ripple. It has been decided to quote the values of the periods and amplitudes both for the long periodic case and, in parentheses, for the short periodic one due to (j 2 − m)ṡ. Since the time scale of interest is of the order of magnitude of the year for such tidal lines it is the long periodic effect that is relevant.
Moreover, it must be noted that the amplitudes of the high frequency modulations amount to only a few tenths of mas. In some cases they fall below the mas level, resulting undetectable.
The results presented in Tab.1, Tab.2 and Tab.3 can be compared to those of Dow [1988] and Carpino [Bertotti and Carpino, 1989] . In doing so it must be kept in mind that both these authors have neglected not only the contribution of k + lm but also the anelasticity and the frequency dependence of the Love numbers k
lm .
Moreover, Dow includes in his analysis also the indirect influences of the oblateness of the Earth and the effects ofṡ for O 1 , Q 1 , M 2 and N 2 . Obviously, in their analyses the LAGEOS II is not present since it was launched only in 1992. Another important factor to be considered is the actual sensitivity in measurments of Ω and ω, in the sense that the eventual discrepancies between the present results and the other ones must be not smaller than the experimental error on the Keplerian elements if one wish to check the theoretical assumptions behind the different models adopted. Carpino has analysed the inclination and the node of LAGEOS only. His value for the zonal 18.6-year tide is −1087.24 mas, while Tab.1 gives −1079.38 mas; the difference amounts to 7.86 mas, the 0.72 % of the "elastic", frequency-independent Carpino's value. Considering that for the node Ω of LAGEOS the present accuracy is of the order of the mas, 7.86 mas could be in principle detected, allowing for a discrimination between the different models adopted in the calculation. For the K 1 tide, one of the most powerful costraints in perturbing the satellites' orbits, Tab.1 quotes 1744.38 mas against 2144.46 mas of Carpino's result; the gap is 400.08 mas, the 18.6 % of Carpino. In the sectorial band, the present analysis quotes for the K 2 −92.37 mas and Carpino −97.54 mas; there is a difference of 5.17 mas, the 5.3 % of the Carpino's value. It must pointed out that there are other tidal lines for which the difference falls below the mas level, as is the case for the 9.3-year tide. As it could be expected, the major differences between the present "anelastic", frequency-dependent calculations and the other ones based on a single, real value for the Love number k 2 lie in the diurnal band: in it the contribution of anelasticity is not particularly relevant, but, as already pointed out, the elastic part of k
21 is strongly dependent on frequencies of the tidal spectrum. May be interesting to note that when the calculation have been repeated with the same value k 2 = 0.317 adopted by Carpino, his results have been obtained again.
Another feature which characterizes this study is the calculation of the phase lag of the solid Earth' s response with respect to the tide generating potential. In Tab.1, Tab.2 and Tab.3 tan δ lmf is always negative and does not exceed 10 −2 in absolute value showing that the response of the Earth is slightly retarded with respect to the forcing lunisolar tidal potential. In absolute value, tan δ 20f is greater than tan δ 21f and tan δ 22f
of one order of magnitude, confirming that the behaviour of the solid Earth's response is more influenced by the anelasticity in the zonal band that in the diurnal and semidiurnal ones.
Up to now the effects induced by the Earth's flattening and the Earth's rotation have been neglected. If they have to be analysed it is necessary to take in eq.(35) the part:
and work out it in the same manner as done for the spherical nonrotating Earth's contribution. In applying the trasformation to the orbital elements given by the eq.(41) one has to substitute everywhere l with l + 2. So the equations for the perturbations on the node and the perigee become:
The corrections induced by the Earth's flattening and rotation, due to the smallness of k 
Gravitational potential of the ocean Earth tides
One of the early attempts to explain the phenomenon of fluid tides in its globality is the equilibrium theory [Melchior, 1983; Defant, 1961] by Newton. It is based on the assumption that at every time the free water surface of the oceans coincides exactly with the spheroidal equipotential surface at r = R due to the combined action of the Earth's proper gravity and the lunisolar tidal potential. Differently stated, the oceanic tidal bulge at every istant coincides exactly with the envelope of the forces producted by the tide generating potential at the Earth's surface. At every tidal constituents V(f ) corresponds an equilibrium partial tide η f . Referring to eq.(33) it can be write:
For l = 2 and m = 0 eq.(70) represents a standing wave which crests at t = 0, while for l = 2 and m = 1, 2 it refers to running waves around the oceans from East to West. If the equilibrium theory had been valid, it would mean that the water masses acted upon by the tidal potential are deprived almost entirely of their inertia in the sense that they would adapt instantaneously to their equilibrium positions on the equipotential surface which, in fact, changes in time at the frequencies of the lunisolar tidal potential. The reality is quite different, because of the complex hydrodynamical behaviour of the oceans; at every equilibrium partial tide η f corresponds an effective partial tide [Hendershott and Munk, 1970] :
where ξ f (ϑ, λ) and δ f (ϑ, λ) [Schwiderski, 1980] are defined as harmonic constants: ξ f (ϑ, λ) is half the difference between high water and low water for a given place while δ f (ϑ, λ) is the phase lag of the ocean tide with respect to the equilibrium one when the phase of the latter is calculated at Greenwich meridian λ = 0: the delay at any other meridian is obtained simply adding mλ to δ f (ϑ, λ). Moreover, ζ f at every time t crests on the "cotidal" line σt = δ f (ϑ, λ); in general, referring to a given point (ϑ, λ), e.g., on the shoreline, the cotidal lines related to two consecutive istants may depart from the shore into the sea or vice versa, giving rise to outcoming and incoming waves with respect to that place.
Such departures from the equilibrium theory are due to several reasons. First of all, the fluid elements can freely flow and once they had been put in motion, their notable inertia prevent them to change instantaneously their state of motion stopping at the equipotential surface. Secondly, dissipative phenomena and non linear interactions among the various partial tides and other ocean currents must be taken in account. This implies that the response of the water masses to the forcing potential presents a phase lag with respect to it: the sea surface is not an equipotential one so that tangential forces acts on the water particles generating tidal currents. The equilibrium theory may be considered an almost good approximation to the reality only at very low frequencies of the tidal potential, like as the Moon and the Sun would remain fix in the space with respect to the Earth.
The equations of motion governing the complex hydrodynamics of the tidal currents are the so called Lagrange Tidal Equations (LTE) [Neumann, 1966; Gill, 1982; Hendershott, 1972; Hendershott, 1973; Pekeris and Akkad, 1969] , which, in general, are not linear. The simplest form for them is obtained considering a spherical, rotating Earth entirely covered by an ocean made of a perfect and incompressible fluid; if only the tangential motion is considered, neglecting the squares and the cross products of the velocity field's components, it is possible to obtain the following linearized LTE:
in which: Ω Earth's rotational angular velocity, Ω = 0.72722 × 10 −4 sec −1 .
ϑ terrestrial colatitude.
h depth of the ocean, h = h(ϑ, λ), m.
ζ non equilibrium, ocean partial tide, m.
v ϑ and v λ tangential components of the water's velocity field.
The LTE are linear, and so each ocean partial tide ζ f can be treated independently from the other ones. The fundamental problem of the ocean tides consits in the determination of the harmonic constants for every place on the Earth: this can be obtained, in principle, resolving the LTE for a given constituent, but this task is in many cases prohibitive due to the great calculational complexity needed to obtain realistic results. Another strategy consits in employing geodetic artificial satellites, as is done in the realization of the various Earth Gravity Model of the Goddard Space Flight Center among which EGM96 [Pavlis et al., 1996] is the most recent, or in altimetric measurements [Shum et al., 1995] .
In order to calculate the gravitational effect of the water masses raised by the tidal forces of a given constituent V m l (f ) it can be considered a spherical layer with radius R endowed with a bidimensional surface mass density µ f (ϑ, λ) = ρζ f (ϑ, λ), where ρ is the volumetric ocean water density assumed constant, and calculate its potential as:
In eq.(75) the geodetic convention for the potential is used [Kaula, 1966] : in it U is the potential usually defined in physics with the sign reversed. In eq. (75) it is possible to rewrite ζ f as:
The next step consists in expanding eq.(76) in spherical harmonics [Dow, 1988; Christodoulidis, 1988] :
The coefficients of the harmonic expansion, which have the dimensions of lenghts, can be calculated if the harmonic constants are known by means of the following formulas:
The eq. (79) 
Putting eq. (83) in eq. (75) and expanding in spherical harmonics also the term 1/ r − r ′ , it can be obtained:
In eq.(86), using eq.(84)-eq.(85), one can further develop (C lmf cos mλ + S lmf sin mλ) introducing the prograde (westwards) and retrograde waves [Schwiderski, 1980] :
In eq. (87) 
From these equations, if one defines:
it is possible to express the coefficients of the expansion of the harmonic constants a lmf , b lmf , c lmf , d lmf in terms of C ± lmf , ε ± lmf which can be recovered by geodetic satellites:
The eq. (80) 
The eq. (98) 
The eq.(100) expresses the gravitational potential of the Earth's ocean waters in theirselves, thought as a spherical layer of mass ρζ f raised by the action of a given lunisolar tidal constituent of frequency σ.
But these enormous water masses act upon the sea floor and the whole of the solid Earth whose response has also to be considered. It can be done according to eq.(32) and introducing the so called load Love numbers k ′ lf [Dow, 1988; Farrell, 1970] The global response of the Earth oceans to the forcing tidal constituent of frequency σ can be written as:
5 Ocean tidal perturbations on the Keplerian orbital elements of artificial satellites
The eq.(101) can be fruitfully rewritten in a form more suitable for calculating the perturbations induced on the Keplerian orbital elements of artificial satellites. To this aim the following quantities are defined:
U f becomes:
The eq. (105) is formally equal to the expression of the static gravitational potential of the Earth worked out by Kaula. So, with the same mathematical menagerie used for the geopotential in [Kaula, 1966] , it is possible to write eq. (105) in terms of the Keplerian orbital elements of a test body in the field of the Earth as:
The equations for the tidal ocean perturbations may be worked out as already done for the solid Earth tides in Sec. 3. At first order, one obtains:
It should be noted that the frequencies of the perturbations given by the eq. (110) 
It is worthwhile noting that the frequencies f p are identical to those of solid tidal perturbations [Dow, 1988; Bertotti and Carpino, 1989] , so that the satellites cannot distinguish one effect from the other, a feature which will result important in the recovery of the coefficients C ± lmf , as it will be pointed out in the next section.
For l = 2, as for the solid tides, l − 2p = 0 holds. The frequencies of the perturbations are, in this case, given by:
If l is odd the situation is different because now all the terms with p running from 0 to l must be considered and q is different from zero: q = 2p − l. So, the rates of the perturbations iclude the contribute ofω.
Up to now the prograde wave terms only have been considered in order to deal with long period perturbations.
Yet, there is a case in which also the retrograde terms fit into this scheme; it is possible to show that for l even and m = 0 the frequencies of prograde and retrograde terms coincide, in absolute values, and the perturbation amplitudes are twice the amplitudes of the prograde terms only. Indeed, according to the eq.(108)-eq.(109), ∆Ω f , ∆ω f are proportional to:
in this case l − m is even and retaining only those terms for which l − 2p = 0 one has:
Expanding eq.(113) it can be obtained:
, as shown by eq. (98) and eq. (99), the eq. (116) becomes:
. (117) 6 Effect of the ocean tides on the nodal and apsidal lines of LAGEOS and LAGEOS II satellites
The eq. (108)-eq. (109) have been adopted in order to compute the amplitudes of the ocean tidal perturbations on the Keplerian elements Ω for LAGEOS and LAGEOS II and ω for LAGEOS II. In this analysis the perturbations of second order due to the oblateness of the Earth have not been considered, as already done for the solid tides. The inclination and eccentricity functions used are those quoted in [Kaula, 1966] . For the numerical values of the various geophysical parameters which figure in eq.(108)-eq.(109) the IERS standards [McCarthy, 1996] have been used, while the EGM96 gravity model [Pavlis et al., 1996] has been adopted for the choice of the tidal costituents and their coefficients C For each of these tidal constituents the following terms have been calculated: l = 2, p = 1, q = 0 because the eccentricity functions G lpq (e) for p = 0, q = −2 and p = 2, q = 2 vanish. l = 3, p = 1, q = −1 and l = 3, p = 2, q = 1 because G 30−3 and G 333 are not quoted in [Kaula, 1966] due to their smallness: indeed, the G lpq (e) are proportional to e |q| . l = 4, p = 2, q = 0 because the other admissible combinations of l, p and q give rise to negligible eccentricity functions. So, also for l = 4 the condition l − 2p = 0, in practice, holds and the costituents of degree l = 2 and l = 4 generate detectable perturbations with identical periods.
Similar analisyses can be found in [Christodoulidis, 1978; Dow, 1988] . When Christodoulidis performed his study, which is relative to only five costituents, neither the LAGEOS nor the LAGEOS II were in orbit, while Dow has sampled the tidal spectrum for LAGEOS in a poorer manner with respect to this study in the sense that, for each costituent, only the terms of degree l = 2 have been considered with the exception of the K 1 whose l = 4 contribution has been also analysed. Moreover, when these work have been realized there were a few coefficients C + lmf available with relevant associated errors.
Some explanations are needed about the determination of the coefficients C ± lmf . In EGM96 the geopotential is recovered through both altimeter and surface gravity information, and satellites data. The pool of near-Earth satellites employed, in general, are not perceptibly perturbed by the whole of tidal spectrum, but they are sensible only to some certain tidal lines, depending on the features of their orbits. Moreover, as pointed out in Sec. 5, on a large enough temporal scale they cannot distinguish between solid and prograde ocean tidal perturbations because their frequencies are the same. Finally, there are also other periodic physical phenomena different from the tides that affect the orbits of the geodetic satellites; in many cases their periodicities are similar to that of the tides, particularly in the zonal band. These facts imply that in the analytical expressions of the perturbations it is necessary to assume as known a priori from various reliable models some solid or ocean tidal terms and consider variable the other ones in order to adjust them by means of the experimentally determined values of the perturbations; all the costituents considered, both those held fixed and the other recovered, must be capable to influence perceptibly the satellites employed. The strategy followed in EGM96 has consisted in adopting the frequency-dependent Wahr model for the solid tides [Wahr, 1981b] with its values for the Love numbers and the H m l (f ) of Cartwright and Edden, calculating a certain number of ocean tidal terms by means of oceanographic models [Schwiderski, 1981] , when it has been possible to solve the LTE, or by means of other algorithms [Casotto, 1989] , considering also the retrograde waves, and choosing the 13 ocean tidal terms listed above to be adjusted. The values recovered for the coefficients C + 20f account for also the retrograde terms because, as noted in Sec. 5, their periods are equal to those of prograde ones. The terms whose value has been considerd given a priori constitute the so called background; it necessarly contains terms up to sixth degree because the attenuation due to altitude makes the near-Earth satellites almost insensitive to higher degree terms: indeed, in eq. (108) 
The values obtained for the coefficients C From an accurate inspection of Tab.5, Tab.6 it is possible to note that, for the nodes Ω, only the even degree terms give an appreciable contribute; the l = 3 terms are totally negligible. This so because ∆Ω f is proportional to the G lpq (e) functions which, in turn, are, in general, proportional to e |q| : in this case the eccentricity functions About the periodicities of these perturbations in relation to the detection of Lense-Thirring effect, the same considerations already exposed for the solid tides hold also in this case. Moreover, it must be pointed out the aliasing role played by the zonal 18.6-year and 9.3-year tides in the extracting any secular effect, like the gravitomagnetic precession, from a record whose duration is shorter than their very long periods. Recently both Starlette and LAGEOS SLR satellites passed their 19th year in orbit and this span of time is now adequate to get reliable information about these tides [Cheng, 1995; Eanes, 1995] due to their slow frequencies they can be adequately modeled in terms of the equilibrium theory through the H m l coefficients and a complex Love number accounting for the anelasticity of the mantle. So, concerning them the results quoted for the solid tides can be considered adequately representative.
In Tab.7 the amplitudes of the perturbations on the argument of perigee ω for LAGEOS II are quoted. For this orbital element the factor:
to which ∆ω f is proportional makes the contributions of the l = 3 terms not negligible. For the even degree terms the situation is quite similar to that of Ω in the sense that the most influent tidal lines are the S a , K 1 , O 1 and M 2 .
Once again, among the long period tides the S a exhibits a characteristic behaviour. Indeed, its l = 3 contributions are much stronger than those of the other zonal tides. This fact could be connected to the large values obtained in its C + 30f coefficient and people believe that it partially represents north to south hemisphere mass transport effects with an annual cycle nontidal in origin. The l = 3 terms present, in general, for the perigee of LAGEOS II a very ineresting spectrum also for the tesseral and sectorial bands: for LAGEOS II there are lots of tidal lines which induce, on large temporal scales, very relevant perturbations on ω, with periods of the order of an year or more. Above all, it must be quoted the effect of K 1 and O 1 lines for p = 1, q = −1: the perturbations induced amount to -1136 mas and -1877.39 mas respectively, with periods of -1851.9 days. These values are comparable to the effects induced by the solid Earth tidal costituent of degree l = 2 on the node Ω of LAGEOS. Relevant is also the p = 1, q = −1 contribution of Q 1 : with a period of 4337.1 days, it has an amplitude of 560.09 mas (neglectingṡ). Comparing the degree l = 2 terms with those of the solid tides, it can be noted that also for the perigee the proportions are the same already seen for the nodes.
In general it is possible to state that, for the costituents of degree l = 2, the ocean tides affect the satellites' orbits more weakly than the solid Earth tides. To this aim, may be interesting an ispection of eq.(59) and eq. (108), or eq.(60) and eq.(109). Assuming for the sake of simplicity a spherical elastic Earth with frequencyindependent real Love numbers and only prograde waves for the ocean tides, it results that for any Keplerian element, the amplitudes of the perturbations, for a given costituent of degree l, order m and circular frequency σ, can be written as:
So it is possible to obtain: A ocean lmf
Assuming ρ solid = 5.5 gcm −3 and ρ ocean = 1.025 gcm −3 , ρ ocean /ρ solid = 0.1836 and the eq.(122) becomes:
For zonal and tesseral tides, using the nominal value for the Love number k 2 = 0.317 used by Carpino, one has:
A ocean tess
For the S sa the ratio C is smaller than that of the H m l (f ) which refer to the unrealistic situation in which there are no tidal currents pushing away the oceans from their equilibrium tidal bulge. But if the tidal equipotential surface changes slowly in time, the water masses have the possibility of adapting to it and "accumulating" in their almost steady equilibrium level surface. In other words, the more lower are the frequencies of the tidal costituents, the more higher is the validity of the equilibrium theory also for the oceans so that at the longer periods of the zonal costituents the solid Earth and its oceans tend to behave similarly according to the equilibrium theory.
It is important to point out that in eq. (108) 7 Reduction of the experimental uncertainty due to Earth tides on the determination of the Lense-Thirring effect
The theoretical general relativistic expressions for the gravitomagnetic precession on the node and perigee of a test particle in the field of a massive rotating central body are given by:
J angular momentum of the central rotating body, g cm 2 sec −1 . For the Earth its value is 5.9 ·10 40 g cm 2 sec −1 .
c speed of light in vacuo, cm sec −1 .
As noted in the Introduction, if one writes down an expression for the total precession of Ω or ω such aṡ
for only one satellite, he or she will not be successful in reliably recovering the desiredΩ LT because, for example, the experimental error associated with the static, centrifugal part of the C 20 coefficient only in eq. (1) is itself greater than the expected value of the gravitomagnetic precession. Moreover, if Ω or ω of only one satellite were analysed for a relatively short span of time, the 18.6-year and 9.3-year tides, apart from other temporal and seasonal variations nontidal in origin, would overlap to the secular Lense-Thirring effect aliasing its precise determination. In this case, the problems would be created mainly by the dynamical, time-varying part of the C 20 coefficient. So, it becomes apparent the need for an expression like eq. (128) coefficients of the geopotential. This formula reads:
Its meaning consists in that it should be vanish if calculated for any even zonal contribution. More precisely, its right side should become equal to zero if the left side would be calculated for any even zonal contribution, both of static and of dynamical origin; the nearer to zero is the right side, the smaller is the uncertainty on µ due to the even zonal contribution considered.
In order to test this important feature for the case of tides, the results obtained in the present paper have been used in eq. (129) [Ciufolini et al., 1997; Ciufolini et al., 1998 ], the recovered value for µ is uncertain at 21.9 % level due to the 18.6-year tide if the data interval span a period shorter than 18.6 years. If the tidal signals have periods shorter than that of the record, their action may be accounted for by means of suitable fits. It is interesting to compare the present results to those released in [Ciufolini et al., 1997] for the 18.6-year tide. The value -0.219 due to the solid component for µ quoted in Tab.8 must be confronted to -0.361 in [Ciufolini et al, 1997] , with an improvement of 39.3 %. It is worthwhile noting that the latter value has been obtained in [Ciufolini et al, 1997] for ∆Ω LAGEOS = −997 mas, ∆Ω LAGEOSII = −1805 mas and ∆ω LAGEOS = −1265 mas; these numbers for the perturbative amplitudes due to the solid Earth tide of 18.6-year are notably different from those quoted in the present study and, for the node of LAGEOS, also from the value -1087.24 mas released by Carpino in [Bertotti and Carpino, 1989] . In [Ciufolini et al, 1997] the theoretical framework in which those numbers have been calculated (F. Vespe, private communication, 1999 ) is based on the assumption of a spherical, static, elastic Earth with the same nominal value of k 2 used in [Bertotti and Carpino, 1989] for all the tidal spectrum. The eq. (129) should vanish also for the odd ocean zonal tidal perturbations; the level to which such a prediction can be considered valid is to be found in Tab.10 and Tab.11.
From an ispection of them it is clear that the sensitivity of perigee of LAGEOS II to the l = 3 part of the tidal spectrum affects notably the recovery of the Lense-Thirring parameter µ, especially for the S a and S sa costituents.
The inclusion of the tiny corrections due to the Earth's flattening and rotation on the perturbative amplitudes of Ω and ω for the 18.6-year tide could allow to slightly improve the related uncertainty on µ; it would amount to 20.6 %. But since the present-day accuracy in laser ranging measurements could hardly allow to detect these small effects, their utilization in eq. (129) is debatable.
Conclusions
An extensive, updated analysis of the effect of both solid Earth and ocean tides on the node Ω and the perigee ω of LAGEOS and LAGEOS II laser-ranged satellites has been carried out adopting the most recent values available in the literature for the geophysical quantities entering in the perturbative equations.
Concerning the solid tides, contrary to previous analyses, the calculations have been performed taking into account the dependence of the Love numbers from the frequencies of the tidal spectrum and the anelastic behaviour exhibited by the Earth's mantle, especially in the zonal band. This has lead to the utilization of complex, frequency-dependent Love numbers k
lm (f ). The calculation span over the costituents of degree l = 2.
The discrepancies in the results among the more refined approach followed in this work and the other ones amount to several mas for certain tidal frequencies. A careful analysis of the signals from these lines could allow for an experimental discrimination between the different approach because the actual experimental sensitivity
on Ω and ω of satellite of LAGEOS type is of the order of mas. The major differences lie in the diurnal band of the tidal spectrum due to the stronger frequency-dependence of the Love numbers for these tidal lines induced by normal modes. The uncertainty on the values quoted, mainly due to the Love number k 2 , amounts to 0.3 %.
The tiny effects of the rotation and non sphericity of the Earth, accounted for by the coefficients k
been considered for the most powerful tidal frequencies in perturbing the satellites' orbits, but even for such tidal lines the results fall below the mas level.
The perturbative action of the ocean tides on Ω and ω has been investigated in a very extensive manner, allowed by the availability of the most recently released data of EGM96 gravity model. The number of tidal costituents analysed amounts to 13; for them not only the terms of degree l = 2, but also those of degree l = 3 and l = 4 have been carefully considered. If the ocean amplitudes of degree l = 2 amount to almost 10 % of the solid ones for the same degree, the analysis of the results obtained for the perigee of LAGEOS II has shown that for this orbital element the spectrum of the perturbations of degree l = 3 is very interesting. For many tidal lines the perturbations on ω LAGEOSII with l = 3, p = 1, q = −1, if the high frequency ripple of a few mas of amplitude is neglected, present long periods and amplitudes of the order of magnitude of those due to the solid Earth tides for the node; above all, the K 1 and O 1 lines must be cited with their periods of -1851.9 days (5.07 years) and amplitudes of 1136 mas and −1877.39 mas respectively. Such terms have percentual errors of 5.2 % and 3.2 % respectively, and may alias the recovery of the Lense-Thirring secular effect if the time duration of the related data analysis would be not longer than these tidal periods. Another tidal line to be carefully considered is the Q 1 : the period of the related perturbation is of almost 11 years, with an amplitude of −560.09 mas and a percentual error of 25 %. In general, the perigee of LAGEOS II reveals itself as very sensible to the l = 2 part of the ocean tidal spectrum, contrary to the nodes, and its orbital residuals require particular care.
The results obtained have been utilized in order to assess the reliability of the cancellation of the even zonal tidal contribution to the determination of the scaling parameter µ for the Lense-Thirring precessions proposed by Ciufolini in [Ciufolini, 1996] . This feature results to be confirmed at a level of one part to 1000 for almost all the zonal tides of degree l = 2 analysed in this study, with the exception of the 18.6-year tide which generates an uncertainty on the general relativistic value of µ of the order of 21.9 %. The data presented in this work guarantee an improvement of 39.3 % with respect to [Ciufolini et al., 1997] . If the effects of Earth's rotation and ellipticity had to be accounted for, δµ would amount to 20.6 % with an improvement of 42.7 % with respect to the value quoted in [Ciufolini et al., 1997] . The effect of the l = 3, m = 0 part of the tidal spectrum on LAGEOS II perigee may become relevant on µ and forces the researcher to adopt suitable fits in order to account for it. 
